Citric acid-assisted two-step enrichment with TiO2 enhances the separation of multi- and monophosphorylated peptides and increases phosphoprotein profiling.
Phosphopeptide enrichment is essential for large-scale phosphoprotein profiling. Titanium dioxide (TiO2) is widely used in phosphopeptide enrichment, but it is limited in the isolation of multiphosphorylated peptides due to their strong binding. In this study, we found that citric acid greatly affects the binding of mono- and multiphosphopeptides with TiO2, which can be used for stepwise phosphopeptide separation coupled with mass spectrum (MS) identification. We first loaded approximately 1 mg of peptide mixture of HeLa cell digests onto TiO2 beads in highly concentrated citric acid (1 M). Then the flow-through fraction was diluted to ensure low concentration of citric acid (50 mM) and followed by loading onto another aliquot of TiO2 beads. The two eluted fractions were subjected to nanoLC-MS/MS analysis. We identified 1,500 phosphorylated peptides, of which 69% were multiphosphorylated after the first enrichment. After the second enrichment, 2,167 phosphopeptides, of which 92% were monophosphorylated, were identified. In total, we successfully identified 3,136 unique phosphopeptides containing 3,973 phosphosites utilizing this strategy. Finally, more than 37% of the total phosphopeptides and 2.6-fold more of the multiphosphorylated peptides were identified as compared to the frequently used DHB/TiO2 enrichment strategy. Combining SCX with CATSET, we identified 14,783 phosphopeptides and 15,713 phosphosites, of which 3,678 were unrecorded in PhosphoSitePlus database. This two-step separation procedure for sequentially enriching multi- and monophosphorylated peptides by using citric acid is advantageous in multiphosphorylated peptide separation, as well as for more comprehensive phosphoprotein profiling.